Summary. Cellubrevin is one of the proteins involved in the docking and fusion of secretory granules to the plasma membrane. It has been reported that cellubrevin is widely distributed in both neural and non-neural cells, including insulin-secreting B-cells. This study aims to demonstrate by immunohistochemical techniques that cellubrevin is localized in insulin-secreting cells and further to examine whether it might occur in glucagonand somatostatin-secreting cells in the pancreatic islet in the rat and mouse. We used the polyclonal antiboby against the N-terminal peptide whose specificity was confirmed by Western blot analysis. Double immunostaining demonstrated that cellubrevin was localized in insulin-containing cells, but both glucagon-containing and somatostatin-containing cells lacked the immunoreactivity. Immuno-electron microscopic analysis revealed the localization of cellubrevin on the margin of secretory granules near the plasma membrane but not in the granules closer to the nucleus. These observations support the view that cellubrevin in the pancreatic islet is expressed on the membrane of the secretory granules in B-cells at the stage of exocytosis.
A considerable number of studies have recently been carried out on the characterization of the proteins responsible for vesicle docking and fusion processes of cytoplasmic granules and vesicles. These include the N-ethylmaleimide-sensitive factor (NSF), soluble NSF-attachment proteins (SNAPs), vesicle associated membrane proteins (VAMPs, also known as synaptobrevins) for SNAPS receptors in vesicles, and SNAP-25 and syntaxins for SNAPS receptors in the plasma membrane (TRIMBLE et al., 1988; ELFERINK et al., 1989; ARCHER III et al., 1990; WILSON et al., 1992; BENNETT et al., 1993; HATA et al., 1993; HORIKAWA et al., 1993) . Moreover, SOLLNER et al. (1993) have hypothesized that vesicles interact with their target membranes via the binding of SNAP receptors on vesicles and target membranes. Involvement of a direct and specific interaction between VAMPS and syntaxins has been demonstrated in synaptic vesicle transmission in neurons (CALAKOS et al., 1994) . Some non-neural cells, such as adipocytes (TAMORI et al., 1996; TIMMERS et al., 1996; CHEATHAM et al., 1996) , muscles (RALSTON et al., 1994) and parotid acinar cells (FUJITA-YOSHIGAKI et al., 1996) , have also been reported to express VAMPs (synaptobrevins).
Cellubrevin is one of the most recently discovered members of the VAMP family. Although it has been hypothesized that this protein is involved in membrane fusion mechanism in eukaryotic cells, its distribution among neural and non-neural cells has reportedly been diverse and controversial. Very few studies on the immunohistochemical localization of cellubrevin are available. In the RNA and immuno blot investigation, MCMAHON et al. (1993) even claimed that cellubrevin is distributed ubiquitously among cells. It has also been reported to be localized not only in supportive cells in the brain (glial, endothelial and ependymal cells) but also expressed together with VAMP-1 and 2 in other cells which have exocytosis and vesicular trafficking systems such as PC12 cells (CHILCOTE et al., 1995) , 3T3-LI adipocytes (TAMORI et al., 1996; CHEATHAM et al., 1996; MARTIN et al., 1996) , adipose cells (TIMMERS et al., 1996) , and insulin-secreting cell lines (REGAZZI et al., 1996) .
It has been reported that VAMPs (synaptobrevins) and their related proteins are expressed in insulinsecreting B-cells of the pancreas (BAUMERT et al., *This study was supported by a Grant -in-Aid for Science , Research on Priority Area of "Channel-Transporter Correlation" (07276102) from the Japanese Ministry of Education, Science and Culture. 290 M. OMATSU-KANBE et al.: 1989; JACOBSSON et al.,1994; REGAZZI et al., 1995) and insulinoma cell lines (BOYD et al., 1995) . More recently, REGAZZI et al. (1996) have shown that VAMP-2 and cellubrevin play a role in Cat-dependent insulin secretion. The precise assignment of each VAMP isof orm in contributing to insulin secretion is still unclear.
In order to determine whether cellubrevin is localized only in insulin secreting cells or generally expressed in endocrine cells in the pancreas, we investigated the immunohistochemical localization of cellubrevin in the rat and mouse pancreas. We further investigate the fine-structural localization of cellubrevin in the B-cell in correlation with the view that this protein is involved in the exocytotic mechanism of secretory granules.
MATERIALS AND METHODS
Male ICR mice aged 7 to 10 weeks and male SpragueDawley rats (180-250 g) were used.
Antibodies
The peptide corresponding in sequence to residues 1-13 of the rat cellubrevin (McMAHN et al., 1993) was coupled to keyhole limpet hemocyanin. The conjugate (1.5 mg) was emulsified with complete Freud's adjuvant and injected into New Zealand white rabbits. Rabbit antibody production was boosted by injection of the antigen emulsified in complete Freud's adjuvant. The obtained immune serum was subjected to experiments as an anti-cellubrevin antibody. Anti-human insulin monoclonal antibody was purchased from Nippon Bio-Test Lab, Inc. (Tokyo, Japan), and anti-rat glucagon polyclonal antibody was obtained from Immuno Nuclear Corp. (USA). Anti-rat somatostatin monoclonal antibody (BUCHAN et al., 1985) was generously supplied from MRC Regulatory Peptide Group (University of British Columbia, Canada).
The antibody specificity used here was examined by Western blot analysis. The rats were deeply anaesthetized and killed by decapitation. The pancreas was removed immediately after sacrifice, minced into pieces and digested with collagenase. Isolated islets were picked up by pipette under a microscope. The tesis was removed and minced into pieces. Isolated islets and minced testis were homogenized in 200 mM sucrose, 1mM EDTA and 10 mM Tris-HCI, pH 7.4, containing 10ug/ml leupeptin and 400uM PMSF and centrifuged at 12,000 g for 10 min to remove the debris. Membrane fractions were pelleted from the resulting supernatant by centrifugation at 100,000g for 20min. SDS-PAGE was performed by the method by LAEMMLI (1970) . Proteins resolved by SDS-PAGE were electrophoretically transferred to the poly(vinylidene difluoride)-membrane, and the membrane was incubated with anti-cellubrevin antibody (1: 500). Immunoreactive proteins were detected using alkaline phosphatase-labeled anti-rabbit IgG (1: 5,000; Sigma, USA) and visualized with a reaction mixture of nitroblue tetrazolium (0.33 mg/ml; GIBCO BRL. USA) and 5-bromo-4-chloro-3-indolyl-phosphatase (0.165 mg/ml; GIBCO BRL, USA) dissolved in 0.1 M Tris-HC1 containing 0.1 M NaCI and 50 mM MgCl2 (pH 9.5).
Immunohistochemistry
The animals were deeply anaesthetized with nembutal prior to sacrifice and perfused via the left cardiac ventricle with 0.01 M phosphate-buffered saline (pH 7.4), followed by an ice-cold fixative containing 4% paraformaldehyde: 0.2% picric acid and 0.35% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4). After perfusion, the pancreas was removed and immersed for 2 days in a fixative containing 4 paraformaldehyde and 0.2% picric acid in 0.1 M phosphate buffer (pH 7.4) at 4C. The samples were then placed for an additional 4 days in 15% sucrose in 0.1M phosphate buffer (pH 7.4) at 4C and cryo-cut into thin sections (20um). The cryo-sections were incubated with anti-cellubrevin antiserum (1:3,000), treated with biotinylated sheep anti-rabbit IgG (Vector Lab. Inc., USA), and visualized using an avidin-biotin-peroxidase complex (Vector Lab. Inc.), and 3.3'-diaminobenzidine-nickel reaction system.
Double immunof luorescence staining
Immunostaining of simultaneous or sequential double immunostaining of single sections was used. In simultaneous double Immunostaining, the cryo-sections were incubated with anti-cellubrevin polyclonal antiserum (1:3,000) and an anti-insulin monoclonal antibody (1:10,000) or anti-somatostatin monoclonal antibody (1: 2,000). They were then stained with both FITC-labeled anti-rabbit IgG (1:100) and rhodaminelabeled anti-mouse IgG (1:100). After staining with these fluorescent labels, the sections were examined under a conf ocal laser micorscope (MRC 600, Bio Rad, England; DIAPHOT 300, Nikon, Japan). In the sequential double immunostaining by TRAMU et al. (1978) , the cryo-sections were first immunostained for cellubrevin and FITC-labeled anti-rabbit IgG and examined, and then treated with acid potassium permanganate to remove the antibodies. The completeness of the antibody removal was tested by application of FITC-labeled anti-rabbit IgG. Only sections devoid of immunofluorescence were futher processed for the immunocytochemical demonstration of glucagon. The sections were then incubated with anti-glucagon antiserum (1:3,000) and stained with FITC-labeled anti-rabbit IgG (1:100). The same areas of the sections which had been previously analyzed under the confocal laser microscope were then examined.
Immunoelectron microscopy
Thin sections were immunostained with anti-cellubrevin antiserum using the method described above. Following the 3,3'-diaminobenzidine reaction, stained sections were postfixed for one hr with 1% OsO4 in 0.1 M phosphate buffer (pH 7.4) at 4C. They were dehydrated in ethanol and embedded in Epon according to conventional procedures. Ultrathin sections were examined under an electron microscope (HS-9, Hitachi, Japan) after a brief staining with uranyl acetate and lead citrate. Control experiments were performed to examine the ultrathin sections without uranium-lead staining (data not shown). The uranium-lead staining had no effect on the dense materials prestained with 3,3'-diaminobenzidine.
RESULTS
Results of Western blot analysis in membrane fractions of the rat pancreatic islets probed with cellubrevin antiserum are shown in Figure 1 . For the ubiquitous distribution of cellubrevin expression, we used the testis as a positive control (MCMAHON et al., 1993; MARTIN et al., 1996) . The antiserum against cellubrevin revealed a single band of -17 kDa, corresponding to the known molecular size of cellubrevin. As shown in Figure 1 , the antiserum preincubated with the corresponding antigenic peptide gave no positive band in Western blot staining. These observations indicate the validity and specificity of the antibody used in immunohistochemical studies of pancreatic islet cells.
Immunostaining of cellubrevin in the mouse and rat pancreas is shown in Figure 2 . Immunoreactive cellubrevin is mainly present in the islets of Langerhans but not in the exocrine tissue surrounding the islets. The evidence that the absorption of the antiserum with its antigenic peptide (50ug/ml) completely abolished the immunostaining in the islets of Langerhans, and the negative staining using non-immune rabbit serum (data not shown) further support the specificity of this antiserum.
In order to examine the distribution of cellubrevin OMATSU-KANBE et al.: in the islets, double labeling experiments using anticellubrevin antiserum and anti-insulin monoclonal antibody were performed. Figure 3A shows a pancreatic islet containing a large number of cells reactive to anti-insulin antibody. Cellubrevin was detected in the anti-insulin antibody reactive cells, considered to be B-cells (Fig. 3A' ). We further attempted in this study to ascertain if cellubrevin is localized in other endocrine cells in the pancreatic islet, A-cells and D-cells. Figure 3B shows that cells reactive to antiglucagon, considered to be A-cells, are located along peripheral sites of the islet. Cellubrevin was localized in the core of the islet and not in the glucagonimmunoreactive cells (Fig. 3B' ). Figure 3C further shows that cells reactive to the anti-somatostatin antibody, considered to be D-cells, are located in the periphery of the islet, and that the localization of cellubrevin does not correspond to these cells (Fig.  3C') .
To identify the localization of cellubrevin within pancreatic B-cells, we conducted an immunoelectron microscopic analysis. As indicated in Figure 4A , the secretory granules containing electron dense materials, which approach the plasma membrane, are stained with anti-cellubrevin antibody, but those located near the nucleus are not reactive to anticellubrevin antibody. Close association of these granules with the plasma membrane in areas adjacent to the wall of the capillaries suggests a secretory role for the granules with immunostained cellubrevin (Fig.  4B) . Immunodeposits indicating cellubrevin were also associated with plasma membrane regions, near which the capillary endothelium could often be seen (Fig. 4B, arrowheads) . This may be also thought to be the area of the very early stage of endocytosis. insulin, glucagon and somatostatin. Rat pancreatic islets. Cryo-sections were double-stained for insulin (A), glucagon (B) or somatostatin (C), and for cellubrevin (A', B', C'), and treated with rhodamine-or FITC-labeled anti-mouse or antirabbit IgG. The sections were examined under a confocal laser microscope.
x 100. For further details, see Materials and Methods. 
DISCUSSION
Several studies on the localization of VAMPs (synaptobrevins) in the pancreas have been reported previously. BRAUN et al. (1994) concluded that endocrine islets contain primarily VAMP-2, and that exocrine cells express primarily VAMP-1 or another VAMP isoform in their apical side. JACOBSSON et al. (1994) have shown mRNA of VAMP-2 and cellubrevin in the isolated pancreatic islet by in situ hybridization. REGAZZI et al. (1995) have confirmed that VAMP-2 and cellubrevin are found in subcellular fractions of both insulin-containing and sinaptic-like granules, and, using confocal laser microscopic analysis, that VAMP-2 is associated with insulin-containing granules. Originally, cellubrevin was thought to be involved in constitutive exocytosis according to the study on RNA and immunoblot analysis (MCMAHON et al., 1993) . Recent reports have demonstrated that cellubrevin and VAMP-1 and 2 possess a similar function concerned with regulated vesicular trafficking in PC12 cells (CHILCOTE et al., 1995) and adipocytes (TAMORI et al., 1996; TIMMERS et al., 1996; CHEATHAM et al., 1996) .
A large number of studies concerned with the mechanism of ion channels and insulin secretion have been conducted (reviewed by RAJAN et al., 1990; ATWATER et al., 1994) . However, the molecular mechanism of exocytosis has not been fully investigated. Cellubrevin is the most recently discovered member of the family of VAMPs (synaptobrevins) and is also a substrate for tetanus and botulinum neurotoxins (LINK et al., 1993; MCMAHON et al., 1993; GALLI et al., 1994; YAMASAKI et al., 1994) . In addition to a report that tetanus and botulinum toxin block neurotransmitter release (SCHIAVO et al., 1993) , it has been shown that the cleavage of cellubrevin by these neurotoxins impairs exocytosis of transferrin receptor-containing vesicles (GALLI et al., 1994) and the translocation of glucose transporter (GLUT4)-containing vesicles in various types of cells (TAMORI et al., 1996; TIMMERS et al., 1996; CHEATHAM et al., 1996) . In insulin-secreting cells, it has also been reported that Ca"-dependent insulin secretion essentially requires VAMP-2 and cellubrevin (BOYD et al., 1995; REGAZZI et al., 1995 REGAZZI et al., , 1996 .
In the present study, we investigated the immunolocalization of cellubrevin in the pancreatic islet using a polyclonal anti-cellubrevin antibody. It is noteworthy that cellubrevin was detected only in B-cells, but not in A-cells or in D-cells (Fig. 3) . These observations support the view that cellubrevin plays an essential role in insulin secretion (BOYD et al., 1995; REGAZZI et al., 1995 REGAZZI et al., , 1996 . It is possible that VAMP-2 may be involved in both insulin secretion in Fig. 4 were stained with the anti-cellubrevin antibody, but those located near the nucleus were not reactive to the anti-cellubrevin antibody (Fig. 4) . These observations suggest that cellubrevin is not distributed on all the secretory granules equally within the B-cell, but develops or concentrates on the membrane of the secretory granules in the late stage of exocytosis. There is some possibility that the expression of cellubrevin in the pancreatic B-cells is related to the maturation process of the secretory granules.
This is the first report to show immunohistochemical identification of cellubrevin on secretory granules in pancreatic B-cells. The difference between the function of cellubrevin and VAMP-2 in insulin-secreting pancreatic B-cells, and the relationship between these proteins and electrophysiological activities in pancreatic B-cells will be the focus of a future study.
